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2007 年 8 月-2008 年 9 月，两个淡水池（芙蓉湖、水库）在叶绿素浓度 6~322 
mg/m3 的范围，Rrs光谱出现显著的红峰，中心位置在 700~715 nm 之间，较之通
常的荧光峰中心（683 nm）向长波方向偏离。该峰在厦大水库始终出现在 700 nm, 
但在芙蓉湖存在时间变化，随着叶绿素浓度的增加，由 705 红移到 715 nm。由
此仿 MODIS 荧光高度（FLH）的定义，定义该峰的高度（简写为 REH），对于
水库和芙蓉湖中心波段分别确定为 700 和 710 nm。REH 与叶绿素浓度呈现显著
对数相关，R2 达 0.79，水库为线性相关，R2 为 0.74。可见对于高散射的淡水藻
华水体，可以并且需要通过改进 FLH 的波段选择，基于更长波段处的红峰的高
度探测叶绿素浓度。 
2008 年 11 月-12 月调查期间，筼筜湖叶绿素 a 浓度变化范围为 0.31~2.06 
mg/m3。CDOM 吸收 ag(355)变化范围为 0.63~2.14 m-1，其和叶绿素 a 浓度之间无
相关性。利用 MODIS FLH 的三个波段（665.1 nm，676.7 nm，746.3 nm）得到
FLH 和叶绿素 a 浓度之间无相关性，即使将有泥沙影响的 645 nm 波段进行校正，
得到的 CFLH 和叶绿素 a 浓度仅仅呈现微弱的相关性，说明对于受泥沙和底质影
响或是比较浅的水体，FLH 法可能是无效的。 















化范围为 1~132 mg/m3。对于前者，红峰中心在 689 nm 左右，后者在 704 nm 左
右，分别计算峰高，其与叶绿素 a 浓度之间呈现显著相关（R2>0.8）。厦门西海
域爆发的水华事件中，2004 年 5-6 月叶绿素 a 浓度变化范围为 3.34~35.23 mg/m3， 
2005 年 6 月在 10.35~62.84 mg/m3 之间；红峰中心 690 nm 左右，峰高与叶绿素 a
浓度呈现线性相关（R2 为 0.50）。 
此外，对芙蓉湖和水库的研究表明，红峰及叶绿素 a 浓度存在时间变化。季
节尺度上，芙蓉湖叶绿素 a 浓度冬春季高（ 高可达 322 mg/m3）、夏秋季较低，
红峰 Rrs值在 0.0065~0.016 sr-1 之间，与叶绿素 a 浓度变化一致，基本呈现冬春季
高、夏秋季低的规律，中心波段位置则在不同季节随着叶绿素 a 浓度增加从 705 
nm 向长波 715 nm 偏移；水库叶绿素 a 浓度全年变化小，在 22~40 mg/m3 之间；
红峰位置大多数时间均稳定在 700 nm 处，峰高 Rrs值则在 0.0027~0.0091 sr-1 之间























Pioneering studies showed a linear correlation between chlorophyll-a 
concentration (Chl) and natural fluorescence. FLH (fluorescence line height) was thus 
designed to measure the solar-stimulated fluorescence of phytoplankton and then to 
retrieve Chl. However, while the current MODIS bands used to estimate FLH were 
665.1 nm, 676.7 nm and 746.3 nm, more and more investigations revealed that when 
Chl was high reflection peaks centered around 700 nm, rather than the normal Chl 
fluorescence peak of 683 nm, occurred. This presented challenges to the application 
of FLH in monitoring harmful algae blooms (HAB).  
   In order to get a better understand of the red-shifted reflection peaks and their 
correlation with Chl, remote sensing reflectance (Rrs) and concurrent chlorophyll-a 
(Chl) concentration were measured for various waters.  
For Furong pool and Xiamen University reservoir, during most of the time (for Chl 
ranging between 6 to 322 mg/m3), the measured Rrs spectra showed a prominent 
secondary peak in the far-red region of the spectrum. This was not from fluorescence 
alone, but appeared to be caused by the so-called red edge. Following the estimation 
of MODIS FLH, we defined a red edge height (REH). It was found that REH was 
highly correlated with Chl. In the Furong pool, REH=0.0016lg(chl)-7.8×10-6
（R2=0.79，n=41），and in the XMU reservoir, REH=0.0001chl+0.0002 （R2=0.74，
n=32）.  
For two HAB events occurred in Huangqi bay, Fujian, red peak bands were in   
689 nm~704 nm. Again REH showed a correlation with Chl（Chl ranged 1~132 
mg/m3, R2=0.8）. However, for blooms occurred in Xiamen Bay, Fujian, red peaks 
occurred around 690 nm for Chl ranged between 3 and 63 mg/m3. A linear correlation 
between FLH and Chl showed but not as significant as that in Huangqi Bay（R2 
=0.50）.  
For Yundang lagoon in Xiamen, it appeared that FLH was not well correlated 















Our results suggested that the red edge might provide a good tool for research and 
managers to study and monitor algal blooms in waters where there were dense 
suspensions of algal cells. The current FLH products might be hard to be directly used 
for bloom monitoring. However, more intensive studies are required.  
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功（O’Reilly et al., 1998, 2004; Esaias et al., 1998; Carder et al., 1999, 2004; Lee et al., 





























et al., 1998; 黄海清，2004）。 
蓝绿比值算法主要是利用水体反射率光谱峰值随着叶绿素a浓度的增大从蓝































λ                    （1） 
式中 wnL 是表面离水辐亮度，A和B是经验常数， 1λ 和 2λ 是不同波段的波长。 
NASA利用多年收集的海洋数据，对蓝绿波段比值法进行了比较验证。以下



















Table 1 Comparison of validation results of MODIS and SeaWiFS  
on global scale 
传感器 N r2 Bias rms+ 实测值范围 卫星反演值范围 
MODIS 263 0.780 0.084 0.644 0.039-29.004 0.030-37.837 
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